a b s t r a c t 2 Water transfer is an important aspect to be considered in electrodialysis since it fixes the performances of the process. It is due to electro-osmosis, i.e. the water carried by the migrating species and is thus related to their hy-dration. Few results were reported about the hydration number of solutes transferring through ion-exchange membranes. In this work, a methodology is proposed to calculate the hydration numbers of ions transferring through ion exchange membranes during electrodialysis. It is based on the experimental measurements of ion and water transfer under different conditions, like salt compositions and current. Salt hydration is first obtained, and then the hydration numbers of 4 transferring ions (Na + , Mg 2+ , Cl − , SO 4 − ) are calculated simultaneously. It is shown that these hydration numbers are constant, independent from the salt composition and current. The hydration number for monovalent ions is found to be lower than that of divalent ones, which is in agreement with the values of the hydration free energy. Further comparison with the reported values concerning the hydration of the same ions in solution shows that for monovalent ions the hydration numbers are close to those reported for the 1st hydration shell while much higher values are obtained for divalent ions.
Introduction
Electrodialysis (ED) is an electrochemical separation process based on the selective transport of ions from one solution to another through ion-exchange membranes (IEM) under the driving force of an electrochemical potential gradient [1] . It has been extensively used to produce concentrated brines or salt depleted waters for industrial or domestic purposes, such as to produce potable water from sea water since several decades. But water desalination is not the only application. Stimulated by the development of IEM with better selectivity, lower electrical resistance, and improved thermal, chemical, and mechanical properties, other uses of ED, especially in food, beverage, drug and chemical process industry as well as in biotechnology and wastewater treatment, have gained a broader interest [2] [3] [4] [5] [6] .
It is noteworthy that the mass transport through the membrane is the key part of ED process determining to a very large extent its efficiency. For the sake of current/energy efficiency, the current is supposed to transfer only the target charged species. However, the ion transfer is always associated with a water transfer that results from a kinetic coupling with the ion fluxes under current, referred as electro-osmosis [1] . Thus, this electro-osmotic flux can restrict the process efficiency and its control is thus a key point.
As an example, to scale-up desalination units, the water recovery and energy consumption are the main concerns to be taken into account [7, 8] . Moreover, the water transfer may limit the application of ED as a concentration process in different application fields [9, 10] . For example, in case of coarse salt production from brine, it is crucial to limit the water transfer through the membrane to avoid the dilution of the final brine solution [11] . Likewise, when ED is to be used as a concentration step in the production of organic acid from fermentation, it was reported that the maximum achievable concentration of organic acid salt is directly limited by such electro-osmotic flux [12] . Thus, water transfer is an important aspect to be considered in ED process with respect to various uses.
As aforementioned, the water transfer due to electro-osmosis and salt transfer are directly linked in ED. The amount of water accompanying the ions migration is linked to the hydration number of the ions transferring through the membranes during the ED process [7, 12, 13] . Then, knowing the hydration numbers enables predicting the water transfer and so the performance of ED.
Many values can be found in the literature concerning the hydration numbers of different ions in aqueous solution but these values can differ from each other [14, 15] . On the other hand, very few concern the hydration number of solutes during their transfer through membranes, like those used in ED. The determination of the hydration numbers of ions transferring through a membrane is difficult and requires a specific procedure. For example ion-H 2 O-(2H) 2 O system [16] or complex computational approach [17] were reported. In fact, knowing both the salt and the water flux in the system, it is possible to determine the salt hydration number. But a proper dissociation of the salt hydration is further necessary to get the individual contributions of the ions and this is still problematic [10, 13, 18, 19] . Some simplifications can be made to split the total water transfer like for instance to assume that the ions have the same hydration numbers [10] . Finally, the few studies reported mainly focus on single electrolyte (NaCl) while in practice the solutions treated in ED can be much more complex, probably with multi-components and sometimes not only mixed inorganic salts but also organic matter.
Then, the objective of this paper is to investigate the hydration number of ions transferring through IEM in ED process, since it is a key parameter with respect to the process performance. Experiments will be carried out with different mixtures of salts including Na + , Mg 2+ , Cl − , and SO 4 2 − . Based on the determination of the ions and water flux through the membranes, the hydration numbers of the salts and of the 4 individual ions will be calculated simultaneously. The values will be compared with those obtained from the literature in order to check the methodology and to determine the influence of the membrane on the ion hydration.
Theory

Mass transfer phenomena
Salt transfer
In ED process, the salt flux, j s (mol·m −2 ·s −1 ), is the sum of two contributions. The first one is a flux coupled with the chemical potential gradient, i.e. a diffusion flux, j diff , due to the difference of solute's concentration across the membrane and with the direction towards the compartment of decreasing concentration. The other one is the flux coupled with the electrical current, i.e. the migration flux, j mig due to the electrical potential gradient [1] . Then the salt transfer is expressed by the following Eq. (1):
Previous experimental results have shown that in most of the ED conditions, the diffusion contribution can be neglected compared to that of migration [5, 12] . Furthermore, it was demonstrated that the migration flux is proportional to the current, so that the following equation was obtained for the flux by phenomenological approach as Eq. (2),
using α (mol·m −2 ·s −1 ·A −1 ) as the current coefficient.
Water transfer
The volumetric flux, j V (m 3 ·m −2 ·s −1 ), can be obtained from the volume variation in the compartments during ED. It should be noted that this flux includes the volume contribution of both water and ion transferred, as shown in Eq. (3):
The total ionic volume contribution ∑ i j V i can be calculated according to Eq. (4):
with j i (eq·m −2 ·s −1 ) the ionic flux, V m i the molar volume of the ion (m 3 ·mol −1 ) and z i the valence of the ion (eq·mol −1 ).
In most ED conditions, like those in this study, the ionic volume contribution is negligible compared to that of water (lesser than 7% of the total volume flux). Therefore, the volume flux can be considered as a water flux, as represented in Eq. (5) .
As previously described for the ionic flux, the water transfer in ED is the result of two contributions, osmosis (j os ) and electro-osmosis (j eo ), as expressed in the following equation:
where the osmotic flux is due to the chemical potential gradient across the membrane, while the electro-osmotic flux is due to the water transfer coupling the ion migration through the membrane [1] . Usually in ED, when an electric current is applied, the water flux due to osmosis can be neglected compared to that of electroosmosis [5, 7, 11, 12] . And owing to its link to the salt, this flux j eo is also proportional to the current. By introducing an electro-osmotic coefficient, β (m 3 ·m − 2 ·s − 1 ·A − 1 ), the expression of the water transfer can be written as in Eq. (7):
Hydration number calculation
As discussed above, the water transfer (electro-osmotic flux) is linked to the salt transfer in ED. Then, one can calculate the salt hydration number (n h s ), defined as the number of mole of water per mole of salt, knowing the simultaneous transfer of salt and the associated water, according to Eq. (8):
where V m w is the molar volume of water (m 3 ·mol −1 ). Combining with Eqs. (2) and (7) , this equation can be expressed as below:
Therefore, the hydration number for each single electrolyte can be calculated from the experimental measurements of the salt and water flux. Indeed, this salt hydration number can be assumed as the total amount of water accompanying the cation and anion migration through the membranes. For any electrolyte like C ϑ C A ϑ A (ϑ C and ϑ A being the stoichiometric coefficients for cation and anion, respectively), the following relation can be drawn:
where n h C and n h A are the hydration numbers for cation and anion, respectively. But in order to solve Eq. (10) to get the individual hydration numbers of cation and anion, an additional equation is necessary.
In general, one can calculate the hydration number of a transferring ion, n h i , as:
where m i (mol) and m w i (mol) are the number of moles of ion and water transferred through the membrane.
Assuming that the ion hydration number remains constant over time, this equation can be further expressed as:
where the values m i (t), m w i (t) are the transferred quantities (in mole) for ion and water respectively, from initial beginning of ED until the time t.
However, as previously explained, it is not possible to get the individual values of the water transfer corresponding to each ion, m w i (t), versus time, but only the total amount of water transferred, m w (t), deduced from the variation of the volume, which can be expressed by Eq. (13):
Thus, combining Eqs. (12) and (13), one can obtain Eq. (14):
The ion hydration numbers are obtained by fitting the value of the water transfer as obtained by Eq. (14) knowing the experimental values of the ion transfer m i for each ion with that obtained experimentally. The least square method is used for that fitting. The ionic hydration numbers are assumed to be constant, regardless of the ion concentration and composition in mixtures. This assumption will be further checked.
This theoretical water transfer can be written as a matrix considering the 4 ions (Na + , Mg 2+ , Cl − , SO 4 2− ) used in this study, as seen in Eq. (15):
The experimental results corresponding to the different salt compositions offer a database for ion and water transfer at each time t during the ED, and thus the 4 ion hydration numbers can be solved simultaneously.
In addition, to solve the matrix and ensure the calculated result reasonable, a constraint, i.e. upper and lower limits, of hydration numbers for the 4 ions is required.
In this study, we are dealing with hydration number during ion's migration through IEM. Then, on the one hand, the lower limit corresponds to the case where the ion sheds its waters of hydration, upon sorbing into the polymer, in favor of possible interactions with the polymer matrix [20, 21] . Thus, a value of zero, corresponding to an unhydrated ion, may be regarded as the lower limit. On the other hand, the upper limit can be considered to be that obtained for the salt hydration number as determined from single electrolyte solutions, since the individual value of an ion, n h i , cannot exceed the value of the salt hydration number n h s based on Eq. (10). Therefore, the constraint for ionic hydration number is seen in Table 1 .
As shown in Table 1 , the constraint of hydration number is with the lower limit as 0, and the upper limit as the higher value of two salt hydration numbers n h s involving the same ion (e.g. n Na h ≤ maxðn NaCl h ; n Na 2 SO 4 h Þ), which needs further estimation. This constraint is the input parameter to the experimental database for hydration number calculation.
To sum up, the assumptions used for the calculation of the ion hydration numbers in this study are listed in Table 2 .
Hydration number is assumed as cumulative. Ionic hydration number is considered to be not affected by using different current intensities and salt composition as well as concentration.
Materials and methods
ED set-up
The ED experiments were performed with EUR 2B-10 stack (Eurodia, France). The ED stack comprised 10 cells of Neosepta anion-exchange membrane AMX and cation-exchange membrane CMX, from Tokuyama Corp, Japan. For each type of membrane, the total effective area was 0.2 m 2 , i.e. 0.02 m 2 per cell. The principal properties of these membranes AMX and CMX are listed in Table 3 .
Then, the ED set-up used in this study is depicted in Fig. 1 .
The experiments were carried out in batch mode (complete recycling of diluate, concentrate and electrode solutions). Three centrifugal pumps were used to circulate these solutions, and flow meters were used to set the flow rates. The feed flow rates were set at constant values of 180 L·h −1 for the diluate and concentrate, and 360 L·h −1 for 
All the experiments were carried out at constant temperature 25 ± 1°C. The experiment duration was determined according to the conductivity of the diluate. Experiments were stopped once that conductivity reached about 5 mS·cm −1 in order to have current lower than the limiting current for any set of experiments.
Experiments were performed at a constant current, in the range of 0-6 A (0-300 A·m −2 ), with solution conductivities, temperature, pH and voltage measured in real time. The solutes concentration and the volume were determined in both compartments as function of time.
Different sets of experiments were carried out, with each one corresponding to a given electrolyte solution (S1 to S10 in Table 4 ). For each experiment set, the membranes were first soaked in 4 L of the electrolyte solution by running the set-up for about 4 h at a flow rate of 180 L·h −1 and then stopping at least 10 h without circulation. This soaking solution was exactly the same electrolytic solution as that used in ED. Since the quantity of ions in these solutions is about 40 times higher than the total ion-exchange capacity of AMX and CMX membranes in the ED stack, one can consider that this procedure ensures a complete exchange of the membrane counter ion, thus a fully equilibrated IEM.
Salts and ions
Four different electrolytes were selected and used in the ED experiments, making salt solutions of single electrolyte and mixed ones (2 or 3 electrolytes) as shown in Table 4 .
Ten solutions of different compositions were prepared according to Table 4 , namely S1-S10. The total salt concentration in this study was fixed at 1 eq·L − 1 except for S10 (0.87 eq·L −1 ). Single salt solutions (solution S1-S4) were used for the determination of the salt hydration number. Mixed salt solutions (solution S5-S9) were used to calculate the individual ion hydration numbers. Finally, S10 was an artificial seawater reverse osmosis concentrate (SROC), prepared according to the standard method (ASTM D 1141-86) for artificial sea water preparation.
Both concentrate and diluate compartments were initially fed with 2 L of salt solution at the given composition. The electrode compartment was initially fed with 3 L of a Na 2 SO 4 solution at 10 g·L −1 . All the salts (Acros Organics) were dissolved in RO water (resistivity N1 MΩ·cm, Elga, France) to get the proper solution composition.
Analytical and computational methods
For single electrolyte, the salt/ion concentration was determined from conductivity measurements, using a conductivity meter (HI933100, Hanna Instruments). For mixed electrolyte solutions (containing more than two ions) the concentrations of ions were determined by ionic chromatography. Ion chromatography system (ICS-3000, Dionex, France) was using an ionPac column, equipped with an auto sampler AS50 and conductivity detector CD20. The injection volume was 25 μL and the temperature was set at 30°C. Samples were diluted to a maximum of 1000-folds by ultra-pure water (resistivity N 18 MΩ·cm, Elga, France) before analysis.
In this study, the mass balance for water and ions was checked, knowing the variation of the volume and concentrations in the 2 compartments. The maximum deviation was less than 2% for volume and 5% for salt/ions.
The fitted values of the hydration numbers were obtained using an open access software Rstudio (RStudio Inc, Version 3.0), based on a nonlinear regression method.
Results and discussions
Hydration number of salts
An example of the variations of the salt and water quantities transferred versus time in the case of single electrolyte is shown in Fig. 2 for different current intensities. Fig. 2 shows a simultaneous increase of both salt (a) and water (b) quantities transferred versus time from the diluate to the concentrate compartment. And according to mass balance, a decrease trend of salt and water quantities in diluate compartment was found.
One can also observe in Fig. 2 that the transfer increases with the current intensity (2-6 A). For each current, there is a linear variation of the salt and water transfer over time, which is in agreement with previous results [5, 11, 12, 24] . Then the corresponding slopes provide the salt and water flux densities, the values of which are plotted in Fig. 3 versus the current, with S1 as example. Fig. 3 demonstrates that the flux densities for both salt and water are proportional to the current. This confirms that under current, migration and electro-osmosis fix the salt and water transfer respectively, i.e. that the contribution of diffusion to the salt flux as well as that of osmosis to the water flux are negligible [5] .
Then, according to Eqs. (2) and (7), the aforementioned coefficients α and β can be estimated from the linear variation of the salt and water transfer versus current, based on the corresponding slope. The salt hydration number can also be calculated based on these two coefficients according to Eq. (9). The results obtained for the different salts are reported in Table 5 .
The following trend for the salt hydration numbers of the 4 electrolytes is obtained: These results can be compared with the ones obtained from experimental studies previously reported in the literature. For instance, the hydration number of NaCl is found to be 14 in this study. This is close the values of 11, 11.4 and 13 reported in comparable conditions [18, 8, 16] .
However, much lower values like a hydration number as low as 5 were also reported but in different conditions [19, 25] . This will be discussed later into more details. Concerning Na 2 SO 4, the value of 26.1 obtained in this work is very close to that, equal to 26, previously reported [18] . No value was reported for MgCl 2 . However, Mg 2+ is known to be more hydrated than Ca 2+ [15] and a value of 29 was reported for the hydration number of CaCl 2 [16] . Then the value of 31 obtained in the present work seems to be in agreement with the one that can be expected. Finally, one can conclude that the values obtained in the present work are in good agreement with the ones previously reported in comparable conditions.
Knowing the salt hydration number (n h s ), the upper limit of the ion hydration number can be fixed, as previously explained (see Table 1 ). Then the range of values is reported in Table 6 .
Hydration number of ions
The transfer of water and ions versus time obtained under different currents in mixed electrolytes (containing at least 3 different ions) is shown in Fig. 4 , with solution S5 (NaCl-Na 2 SO 4 case, 3 ions included) as example.
For any current, one can observe a linear increase of the water transferred versus time, as observed in the case of single electrolyte. The transfer of Na + varies also in a linear manner versus time. On the contrary, the transfer of the individual anions, Cl − and SO 4 2− does not Fig. 2 . Variation of the salt transfer (a) and water transfer (b) under different current intensities (2-6A) versus time, e.g. solution S1 (C for concentrate, D for diluate). Fig. 3 . Flux of salt and water versus current, e.g. solution S1. follow a linear trend. A selectivity between the anions is thus emphasized, as already reported with the same membranes [26] . Finally, in this study, only the anion selectivity was observed (solution S5, S8, S9, S10) while there was no such phenomenon for cations (Na + and Mg 2+ ). In fact, for the calculation of the ion hydration number, mass transfer data under 4 different currents in all these experiments are mixed as an overall database. One can arrange all these data as function of the electrical charge (i.e. the product of current with time, as quantity of coulomb given to ED stack) [9] . Fig. 5 illustrates these transfer variations versus the electrical charge. Fig. 5(a) shows that the mass transfer data obtained under different currents are located on a single curve when plotted as function of the electrical charge, for Na + , Cl − and SO 4 2− respectively. Likewise, in Fig. 5(b) , one can observe that the water transfer is directly related to the electrical charge.
Moreover, it should be noted that although NaCl and Na 2 SO 4 have variable composition ratio versus the electrical charge, because of the anion selectivity, and their hydration numbers are different (as seen in Table 5 ), no visible influence is observed on the water transfer once considering the electrical charge. Indeed, salt hydration numbers in Table 5 indicate that for an electrical driving charge of 1 equivalent, the number of moles for water transfered with NaCl is 14 while it is 13 (26/2) for Na 2 SO 4 .
Finally, following the method explained in Section 2.2, it is possible to get the values of the ion hydration numbers knowing the values of the water and ion transfer determined experimentally. The fitted values obtained for the 4 ions investigated are reported in Table 7 .
The validation of the result is checked by comparing the calculated water transfer obtained according to Eq. (14) considering the hydration numbers reported in Table 7 , with the experimental one. For any condition (S1-S9), the difference does not exceed 7%.
To further check the robustness of the method and the values of the hydration numbers, another solution, S10, with a different ionic composition is used. On the one hand, the experimental values of the ion and water transfer are plotted in Fig. 6(a) versus the electrical charge. On the other hand, the water transfer, m w theo , is calculated using the ion transfer and the values of the hydration numbers previously determined. The obtained values are reported in Fig. 6(b) . One can observe that there is a good agreement between these calculated values and the experimental ones (relative difference ca. 3%).
It means that in the conditions of this study for a salt concentration up to 1 eq·L −1 , the hydration numbers of the individual ions do not change with the ionic composition or with the current intensity.
Discussion
It is further interesting to compare the ion hydration numbers obtained in this study with those reported in the literature. However, it is important to keep in mind that the literature values concern the hydration number of the ions in solution, while those obtained in this study are related to the ions transferring through the membranes. One can expect the hydration of the transferring ions to be lower than that in the solution. Fig. 7 provides the values reported in the literature for the hydration number for each ion investigated in this work. More precisely, the plot shows the frequency distribution of the different values reported in the literature, concerning the 1st hydration shell, i.e. that in which the water molecules interact directly and strongly with the ion. The values of the hydration numbers obtained in this work are also indicated on the graph for comparison. Fig. 7 shows a broad distribution of the reported values for each ion, 3 to 9 for Na + , 4 to 12 for Mg 2+ , 2 to 10 for Cl − and 3 to 15 for SO 4 2− . As already mentioned, this broad distribution comes from the different methods (experimental and computational ones based on various assumptions on the ion structure and water dynamic) used to get the hydration number [14, 15] . Nevertheless, for any ion, the distribution shows a maximum, corresponding to the most frequently reported value. Then the hydration number for Na + is about 6-7, a value similar to that for Mg 2+ (6-7) . For the anions, the hydration number of Cl − is 6-9, while it is around 8 for SO 4 2− . The values obtained in this work can be further compared to the ones reported. For monovalent ions (Na + , Cl − ), one can observe that the hydration number of the transferring ion obtained in this work is not only within the reported 1st shell distribution but also quite close to the most frequent value of the considered ion. On the contrary, the values obtained for divalent ions are higher than the most frequently reported values. In the case of SO 4 2− it is close to the highest value reported in the literature for the 1st hydration shell, about 15. For Mg 2+ it is still higher, around 16 while the highest reported value is around 12.
Other ionic characteristics, like ion charge density and hydration free energy for instance, are also interesting to characterize the ion hydration. For instance, the hydration energy represents the strength of the bound between the ion and its surrounding water. Then it can probably be linked to the variation of the hydration number of the ion while transferring through the membrane [27, 28] . The values are reported in Table 8 for the 4 ions considered in this study. One can state that the hydration free energy of divalent ions, and thus the bonding strength of water and ion, is stronger compared to that of monovalent ones (3-5 times for anion and cation, respectively). In particular, the fact that Mg 2+ has the highest value may also agree with its highest hydration energy among the considered ions.
Meanwhile, the fact that these transferring hydration numbers of monovalent ions approximate the values corresponding to the 1st hydration shell has to be pointed out. It means that in the conditions investigated, the water contained in the 1st hydration shell is transferred together with the ion through the membranes. But it also suggests that while transferring through the membranes, the ions are dehydrated, losing the water contained in their 2nd hydration shell. It is accepted that the 2nd shell's water molecules are weakly bonded and can more easily be reoriented and/or detached when ion is in motion, even in aqueous solution, compared with the 1st shell [15, 29] . The very few data available regarding the 2nd hydration shell of ions can also be attributed to its weak strength and a consequently not well-defined hydration structure [14] .
Concerning divalent ions, it is shown that the hydration number of the transferring ions is higher than the most frequent value corresponding to the 1st hydration shell. Especially for Mg 2+ the hydration number of the transferring ion is about 15-16, while the only reported value of hydration number of the 2nd hydration shell is about 12 [14] , that of the first hydration shell ranging from 4 to 12 with the most frequent value about 6-7. Then, the results show that the Mg 2+ transferring through the membrane carries more water than that comprised in its 1st hydration shell, i.e. also part of the water in its 2nd hydration shell.
These results show that the membranes used in this study have no significant influence on the hydration of the transferring ions, at least on their first hydration shell. It means that the water-ion interactions are dominant with respect to membrane-ion interactions. In fact, there is hypothesis that transfer through membrane depends on the comparison of 'transport energy' and the hydration energy that bonds the hydrated shell to the ion [30] . In ED, the ion migrates towards the membrane with current as driving force; the polymer matrix of the ion exchange membrane may interact with the ion and serve as barrier to the ion transfer. Thus, one can imagine that with stronger membrane-ion interaction, stronger dehydration of the ions may happen. As a result, lower hydration numbers can be expected [10, 17, 19, 29] . Indeed, lower salt hydration number of NaCl (4.5 [10] and 3.5 [19] ) have been sometimes reported, compared with that (equal to 14) obtained in this study. Further comparison shows that the membranes used in these previous studies were selective IEM membranes for which lower electro-osmotic flux was observed [8] . As a result, the hydration number of the migrating ions, directly linked to the electro-osmotic flux as indicated in the present work, was lower.
Overall, attention should be paid to hydration of ions that fixes electro-osmosis and thus the performances of ED. The present work shows that mass transfer prediction in ED is possible knowing hydration number of ions, as shown in Fig. 6 , which can be significant for process control, considering different kinds of applications like purification of fermentation broth or desalination/concentration of brines [12] .
Conclusions
The aim of this work was to investigate the transfer of salt and water during ED. The objective was to determine the water transfer due to electro-osmosis and the hydration number of ions transferring through IEM, since it is a key parameter with respect to the process performance.
A methodology was proposed to calculate these ion hydration numbers. It was based on the experimental measurements of ion and water transfer under different conditions, like salt composition and concentration and current. Salt hydration was first obtained, and then the individual hydration numbers of 4 transferring ions (Na + , Mg 2+ , Cl − , SO 4 2− ) were calculated simultaneously. It was shown that, in the conditions investigated, these hydration numbers are constant, independent from the salt composition and current. The hydration number for monovalent ion was found to be lower than that of divalent one, for cation and anion respectively. This is in agreement with the values of the hydration free energy, characterizing the strength of bond between the ion and its surrounding water. Further comparison with the reported values concerning the hydration of the same ions in solution demonstrated that for monovalent ions the hydration numbers are close to those reported for the 1st hydration shell while much higher values are obtained for divalent ions.
Future work will be devoted to the study of membrane-solutewater interactions with a focus on hydration mechanisms. This will be carried using computational as well as experimental approach. Regarding the process performances, further work is necessary to consider more complex solutions closer to applications, containing both mixed salts and organic compounds.
Nomenclature
List of symbols j s salt flux (mol·m −2 ·s −1 ) j i ion flux (eq·m −2 ·s −1 ) j V volumetric flux (m 3 ·m −2 ·s −1 ) j w water flux (m 3 ·m −2 ·s −1 ) m i number of mole transferred for ion (mol) m w number of mole transferred for water (mol) Fig. 7 . Frequency distribution histogram of ion hydration number within 1st shell from literature [14, 15] (each value based on different methodology but same electrolyte as in this study; arrows indicating the values obtained in this study). 
